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ABSTRACT 


This  report  presents  the  design,  stress  analysis  and  high 
altitude  performance  of  the  RSR  RIBCO  Parachute  System.  A 
140-foot  diameter  parachute  system  was  tested  by  Air  Force 
Cambridge  Research  Laboratories.  This  system  was  released 
from  a  balloon  at  100,000  feet  altitude  with  a  payload  of 
611  pounds. 

Performance  characteristics  (opening  time,  opening  shock, 
snatch  force,  rate  of  descent  and  total  descent  time)  were 
very  nearly  as  predicted.  Test  results  indicate  that  the 
RIBCO  System  offers  many  advantages  over  conventional 
parachute  systems. 


INTRODUCTION 


Recovery  Systems  Research,  Inc.  has  developed  a  parachute  recovery 
system  through  a  series  of  40  test  drops  with  parachutes  ranging 
fro;a  28- ft  nominal  diameter  to  140- ft  nominal  diameter  and  recovered 
loads  of  300  pounds  to  5800  pounds.  The  purpose  of  this  develop¬ 
ment  effort  was  to  produce  a  multi-purpose  parachute  system 
(utilizing  one  parachute)  with  optimum  performance  characteristics 
both  at  extremely  high  and  low  altitudes  with  heavy  and  light 
loads  and  without  deployment  aids  such  as  time  delay  reefing  and 
forced  deployment  mortars. 

Testing  has  not  been  pursued  to  the  extent  that  the  RSR  RIBCO 
(Rapid  Inflation  Bowline  Controlled  Opening)  parachute  system  is 
operational  for  balloon  payload  recovery;  however,  it  appears  to 
be  a  substantial  improvement  over  the  presently  used  parachute 
systems . 

The  RIBCO  parachute  system  design  permits  the  use  of  one  standard 
size  parachute  for  recovery  of  minimum  and  maximum  payloads  since 
the  unique  rigging  insures  inflation  at  any  velocity.  This  rigging 
also  limits  the  opening  dynamics  to  such  an  extent  that  very  light 
canopy  material  can  be  used  in  construction  thus  permitting 
fabrication  of  larger  parachutes  with  higher  load  carrying 
capability  and  eliminating  the  need  for  reefing  to  control 
parachute  opening. 

One  hign  altitude  balloon  payload  recovery  test  has  been  made  by 
AFCRL  utilizing  the  140-ft  RIBCO  parachute  system.  The  611-pound 
payload  for  this  test  approached  the  minimum,  500  pounds,  for 
which  the  parachute  system  was  designed.  Optimum  performance 
is  expected  when  the  parachute  system  is  utilized  with  maximum 
rated  load  of  8,000  pounds. 

Reference  AFCRL  Preliminary  Report  on  AFCRL  Flight  72-26  Proceedings, 
Seventh  AFCRL  Scientific  Balloon  Symposium. 


DESIGN  STRESS  ANALYSIS  AND  PERFORMANCE 
CHARACTERISTICS  FOR  140-FOOT  DIAMETER  RIBCO  PARACHUTE 


ITEM 


LIST  OF  MATERIALS 


Fabric  -1.1  02/yd 
Control  Lines 
Suspension  Lines 
Apex  Lines 
Radial  Tapes 
Apex  Loop  Line 


rated  tensile  strength 

AO  lbf/in 
6000  lbf 
550  lbf 
750  lbf 
250  lbf 
10,000  lbf 
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design  data 


Symbol 


Meaning 

Nominal  Diameter 
Total  Area 
Frontal  Area 

Number  of  Suspension  Lines 
Number  of  Control  Lines  (Bowline) 
Canopy  Radius 

Sea  Level  Atmospheric  Density 

Allowable  Force 
Developed  Force 

Maximum  Developed  Force 

1/2  x  F 

max 

Velocity 

Terminal  Velocity 
Drag  Coefficient 
Descent  Weight 
Margin  of  Safety 


Units 
140  ft 

15,394  ft2 
10,776  ft2 


58.57  ft 


.002377  lb-sec^ 


ft/ sec 
ft/sec 
1.05 


2 


Design  data  In  this  report  are  based  upon  the  results  of  several 
test  programs.  It  has  been  established  that,  with  a  canopy  loading 

of  0.53  lbf/ft^,  the  drag  coefficient  of  1.05  is  experienced. 


Accordingly  for  a  payload  weight  of  8000  lbs.  and  a  parachute  weight 
of  183  lbs.,  sea  level  terminal  velocity  will  be: 


2W 


S 


o 


W  -  8000  +  183  -  8183  lbs 
2(8183)  x  104 


V  23. 


■{ 


425.95 


77(1.05)  15,394 
Vt  ■  20.64  ft/sec  at  sea  level 


Due  to  the  zero  velocity  drop  condition  an  opening  shock  factor 
of  1.5  is  assumed. 

Fmax  *  1-5  x  8000  “  12,000  lbf 

For  a  payload  of  611  pounds  sea  level  terminal  velocity  will  be: 


(611  +  183) 


I  1588 

V  36.59 


-  { 


43.4 


002377  x  1.0  x  15,394 
Vt  -  6.6  ft/sec 

And  at  5000  ft  MSL  terminal  velocity  will  be: 


V. 


V. 


I  1588  ” 

V  2.10  X  15, 


394 


j  1588 
V  32.33 


49.1 


7.0  ft/sec 
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UPPER  CONTROL  LINES  (6000  lbf  Rated  Strength) 


F.  6000 

pdev  "  ~~  m  —  *  500  lbs 

Design  Factor  -  3.00 
6000 

pall  ■  3.00  *  2000  lbf 

2000 

M.S.  *  500  “  1.00  *  4.00  -  1.00  *  300 

M.S .  *  +300% 

CONTROL  LINE  TO  SUSPENSION  LINE  JUNCTION 


There  are  ten  550  lbf  test  suspension  lines  connected  to  each  of 
12  control  line  junctions.  The  load  carried  by  each  junction, 
assuming  symmetrical  load  distribution,  is: 

Fd  6000 

pdev  *  Zc  =  12  =  500  lbf 

The  ultimate  strength  of  the  junction  is  6000  lbf.  Using  the 
highest  applicable  design  factor  (4.07): 


Pall  “ 
M.S.  = 


6000 

4.07 


1474  lbf 


1474  -  1.00  =  2.95 
500 


M.S.  =  +195% 


1.00  =  1.95 
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"I- . ywgwywaf 


"‘PTWiSSO^. 


i 
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APEX  RADIAL  LINES  (750  lbf  Rated  Strength) 


Assume  vent  radials  carry  50%  of  the  load 
opening.  Sixty  (60)  radial  lines  are  used 


at  the  instant  of 


6000 

Pdev  "  “60“  "  100  lbf 

Design  factor  -  3.70 


pall  “  — o  -  203  lbf 

203 

M-S-  *  Xo^  -  1.00  *  2.03  -  1.00  -  1.03 
M.S .  -  +103% 

RADIAL  TAPES  (250  lbf  Rated  Strength) 

120  Radial  tapes  are  used 

6000 

Pdev  *  120  =  50.0 

Design  factor  =  3.00 

250 

Pall  *  37^0  55  83.3  lbf 
83.3 

M.S.  =  50.0  -  1.00  =  1.66  -  1.00  =  0.66 

M.S.  =  +66% 
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REEFED  CONDITION  -  LIFTING 


This  condition  exists  prior  to  drop  of  the  payload/canopy  system. 
An  apex  loop  load  line,  consisting  of  fou?  thicknesses  of  1C 
lbf  rated  strength  webbing,  support  the  system  weight. 


Pdev  -  8183  lbf 
Design  Factor  -  2.24 

pall  *  4(10>Q00)  -  17,857  lbf 

2 . 24 

M.S .  -  ILlIIZ.  -  1.00  *  2.18  -  1.00  -  1.18 

8183 

M.S.  »  +118% 

CANOPY  MAIN  SEAMS 

Assuming  that  1007o  of  the  total  maximum  force  is  absorbed  by  the 
canopy  fabric, 

Fmax  12 , 000  lbf  lbf 

4P  =  SF  =  10,776  =  1.11  ft2  -  0.0077  77? 

RP  58.57  x  12 

Cloth  Stress  *  A  P  x  ~  =  0.0077  x  - j— - 

Cloth  Stress  =  2.71 

Using  a  design  factor  of  2.60  and  the  minimum  tensile  strength 
for  1.1  oz/yd  material  (40  lbf/in) : 

pall  "  TZo  “  15-4  lbf/in 
Pdev  -  2.71  lbf/in 

M.S.  -  11  l4  -  1.00  =  5.68  -  1.00  -  4.68 
2.71 

M.S.  =  +468% 
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CROSS  SEAMS 


Using  a  design  factor  of  2.92  and  worst  case  loading: 

40 _  lb 

P  .  -  2.92  -  13.7  in 

all 

Pdev  *  1.90  x  COS  A 

pdev  ■  i-90  x  0-707  «  1.34  lb/in 
13.7 

M.S.  -  1.34  -  1.00  -  10.22  -  1.00  -  9.22 

M.S.  -  +922% 

CANOPY  CLOTH 

Using  a  design  factor  of  3.33 

P  =  12.00  lb/in 

a11  3.33 

Pdev  *  1*9°  lb/ln 
12.00 

M.S.  -  1.90  -  1.00  -  6.32  -  1.00  -  5.32 

M.S.  *  +532% 


HIGH  ALTITUDE  OPENING  FORCES 


Tests  made  at  El  Centro,  California  in  1967,  demonstrated  that 
the  opening  time  of  a  100- ft  diameter  RI6C0  canopy  is  four  (4) 
seconds  when  dropped  from  an  aircraft.  Assuming  similar  character¬ 
istics  for  the  140-ft  diameter  RIBCO/High  Altitude  Balloon  drop, 
maximum  opening  force  as  a  function  of  drop  altitude  can  be 
estimated.  For  a  5000-lb  payload  with  183  lb  of  parachute, 
predicted  values  for  maximum  drag  force  are: 

72,500  ft  release:  Fmax  *  6824  lbf 

100,000  ft  release:  Fmax  ■  5268  lbf 

120,000  ft  release:  Fmax  "  5426  lbf 

It  should  be  noted  that  the  stress  analysis  assumed  Fmax  ■  12,000 
lbf  with  a  payload  of  8000  lbs. 

Appendix  I  includes  equations  and  computations  used  in  arriving 
at  the  above  characteristics. 
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APPENDIX  I 


OPENING  FOK  CHARACTERISTICS 

For  an  object  falling  vertically  through  the  atmosphere, 

A  V  »  (G  -  AT,  where: 

AV  ■  The  change  in  vertical  velocity  during  time  t 
G  -  The  acceleration  due  to  gravity 
D  ••  Aerodynamic  Drag  (1/2  6  V^C<jS) 

M  -  W/G 

If  the  canopy  in  assumed  to  inflate  linearly  from  a  frontal 
diameter  of  3.0  ft  to  that  of  117.1  ft  over  a  period  of  four 
seconds,  commencing  at  the  time  of  release*  then. the  drag  forces 
can  be  computed  and  values  oT  vertical  velocity,  V  *  VD  +  V,  can 

be  determined  using  the  progressive  calculation  method  with  small 
time  increments  by  varying  atmospheric  density  with  changes  in 
altitude.  Altitude  is  computed  by:  H  -  (Ho  *  V  AT)  for  each 

increment.  Aerodynamic  drag  of  the  payload  has  been  neglected, 
and  gravitational  acceleration  has  been  assumed  constant  as  has 
the  drag  coefficient. 


*It  is  further  assumed  that  the  systems  initial  velocity  relative 
to  the  surrounding  atmosphere  will  be  zero. 
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The  time  of  maximum  drag  force  occurs  at  4.0  seconds  for  the 
72,500  ft.  drop,  10.4  seconds  for  the  100,000  ft.  drop,  and 
18  seconds  for  the  120,000  ft.  drop.  This  is  due  to  the  low 
atmospheric  densities  at  the  higher  altitudes,  which  allow  the 
payload/canopy  system  to  accelerate  even  after  full  opening, 
until  the  parachute  drag  increases  to  a  force  equal  to  the 
system's  weight,  after  which  the  terminal  (equilibrium)  descent 
phase  begins. 


Sea  level  terminal  velocity  for  the  5000- lb  payload  should  be: 

V,  -  /  2(5183)  x  104~  ,/298.19 

V  23. 77(. 95)15,  394 
Vt  ■=  17.27  ft/sec 


The  drag  coefficient  used  in  computing  terminal  velocity  for  the 
5000- lb  payload  is  approximately  10%  lower  than  that  used  for  the 
8000- lb  payload,  due  to  lower  canopy  loading. 
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Sample  calculations  for  descents  from  100,000  ft. 


TEST  DESCRIPTION  AND  RESULTS 


A  140- foot  nominal  diameter  RSR  RIBCO  parachute  system  was  tested 
by  Air  Force  Cambridge  Research  Laboratories  at  the  Holloman  Air 
Force  Base,  New  Mexico  Balloon  Flight  Facility*.  This  was  a  full 
scale,  high  altitude  test  with  a  611-pound  suspended  load.  The 
parachute  was  rigged  according  to  standard  balloon  practice  with 
the  payload  consisting  of  several  instrument  packages  fastened  to 
a  horizontal  bar. 

To  contain  the  large  area  of  material  during  balloon  launch,  in 
addition  to  the  command-controlled  reefing  line  near  the  skirt, 
loops  of  25-lb  test,  3-cord  cotton  were  tied  at  10-ft  intervals 
along  the  canopy.  All  of  these  cotton  ties  failed  during  balloon 
inflation  on  the  runway,  and  the  parachute  acted  like  a  spinaker 
sail  during  the  launch  run. 

The  parachute  system  performance  very  nearly  approached  that 
desired  as  optimum  for  very  light  loads:  Initial  snatch  force 
of  2.1  g's  at  3.05  seconds  after  cutdown,  an  opening  shock  force 
of  4.5  g's  at  6  seconds  after  cutdown  and  a  steady  state  decel¬ 
eration  of  approximately  1  g  at  10.6  seconds  after  cutdown.  The 
actual  descent  time  from  100,000  feet  to  4,000  feet  was  92.3 
minutes  with  theoretical  descent  time  being  90  minutes. 


*For  complete  test  description  and  results  see  AFCRL  Preliminary 
Report  on  AFCRL  Flight  72-26  Proceedings,  Seventh  AFCRL  Scientific 
Balloon  Symposium. 
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Attachment  1 


CONCLUSION 


Based  upon  the  single  flight  test  with  the  minimum- load  require¬ 
ment,  the  parachute  has  substantial  improvements  over  present 
parachute  systems  in  substantially  reduced  weight  and  stability 
at  lower  altitudes  (20,000  feet  to  impact).  Successful  flights 
with  5000  and  8000  pound  payloads  can  be  predicted  with  confidence 
in  meeting  the  upper  limits  of  design. 

The  success  of  this  parachute  design  provides  the  user  with  a 
single  lightweight  parachute  for  use  in  the  wide  range  of  payload 
weights  of  500  lbs  to  8000  lbs.  It  eliminates  the  need  for 
parachute  clustering  when  recovering  payloads  in  excess  of  3000 
pounds  thereby  eliminating  problems  encountered  when  using  a 
cluster  of  parachutes. 

Serious  consideration  should  be  given  to  the  continued  use  and 
development  of  the  RSR  RIBCO  parachute  for  balloon  recovery.  It 
is  the  most  advanced  parachute  system  design  available  for 
recovering  sensitive  payloads  which  are  not  designed  to  sustain 
heavy  g-load  normally  experienced  during  opening  shock  or  ground 
impact. 

It  is  further  concluded,  as  reported  by  AFCRL,  that  during  the 
pr<  paration  for  and  during  balloon  launch,  the  parachute  did 
become  difficult  to  handle  in  surface  winds.  Although  this  was 
the  only  problem  encountered  in  using  the  RIBCO,  the  canopy  can 
b<  controlled  on  the  ground  by  the  use  of  a  sleeve  arrangement 
which  can  be  opened  by  a  lanyard  when  the  balloon  and  payload 
ieach  the  vertical  position  at  launch.  This  will  also  eliminate 
the  need  for  a  skirt  retention  line  and  electrically  initiated 
cutters  for  skirt  release. 
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RECOMMENDATIONS 


1.  Testing  of  the  RSR  RIBCO  parachute  system  be  continued 
through  its  maximum  design  payload  weight  of  8000  pounds  to 
verify  design  parameters. 

2.  Recommend  that  a  sleeve  arrangement  be  used  to  retain  and 
control  the  parachute  canopy  during  ground  operation  and  launch. 
Because  of  design,  the  canopy  cloth  has  no  tension  on  it  during 
string-out  in  its  prelaunch  and  flight  position.  The  sleeve 
method  will  maintain  complete  control  of  the  canopy  material 
until  released  at  launch  (see  Attachment  No.  2). 

3.  Recommend  that  the  riser  between  the  payload  and  parachute 
be  removed  and  let  the  payload  be  connected  directly  to  the 
parachute  at  the  lower  confluence  of  the  bowline. 
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